by binding to domain 1 (6) to activate domain 6 (7). Previous work (S. C. Boulanger, et aL, unpublished data) has identified sites that are important for D5 function, but that study could not provide a specific diagnosis for the functional defects of inactive variants. We have applied a trans assay by using a 36-nt D5 RNA that activates group II intron transcripts deleted for D5 (AD5; see Fig. 1 ) (7, 9) . Accurate hydrolysis at the 5' splice junction is the most efficient reaction, although branching and the second step of splicing also occur. The Michealis constant (Km) measures the affinity of D5 binding to the AD5 substrate, while the turnover number for 5' splice junction hydrolysis (kcat) gauges D5 catalytic action (see Fig. 2 and refs. 9 and 10). We describe here the consequences of single-base substitutions affecting the three most highly conserved base pairs of a crucial segment (A2-G3-C4 paired with G31-U32-U33) in D5 from a group II self-splicing intron. We also surveyed double substitutions, including several Watson-Crick base pair replacements, affecting these three conserved base pairs.
Group II introns are intricately folded RNAs that use the same chemical mechanism for self-splicing that the eukaryotic spliceosome promotes with pre-mRNA introns (1) (2) (3) . Group II introns share features of primary sequence and secondary structure with the complex formed by the small nuclear RNAs (snRNAs) and the pre-mRNA substrate within the spliceosome (reviewed in refs. 2 and 3). These similarities include the reactants of the first step of splicing, the 5' splice junction guanosine and the branchpoint adenosine bulged from the helix nearest the 3' splice junction. Considering their apparent evolutionary relationship and the primary sequence similarity of their reactants, as well as the stereochemical identity of their reaction mechanisms (4) , it is plausible that similar primary sequence elements contribute to the active sites of group II introns and the spliceosome with its pre-mRNA substrate. Domain 5 (D5) is a highly conserved 34-nt hairpin positioned near the 3' end of group II introns (ref. 1; see Fig. 1 ). Splicing of group II introns requires D5 in vitro and in vivo (refs. 5-7; and S. C. Boulanger, S. M. Belcher, U. Schmidt, S. D. Dib-Hajj, T. Schmidt, and P.S.P., unpublished data). The consensus secondary structure of D5 includes an 8-bp lower helix and a 6-bp upper helix, separated by a 2-base bulge in the 3' strand. The upper helix is capped by a conserved sequence 4-base loop. This secondary structure for D5 is maintained through phylogenetic variation, indicating that the hairpin fold is important for D5 function (1) . D5 has been compared to helix I, a conserved and critical structure in the spliceosome formed by base pairing between the U2 and U6 snRNAs (8) .
The results of the present study are pertinent to assessing this similarity between group II introns and the spliceosome.
Among group II introns, the primary sequence of D5 varies substantially, but 3 bp (A2-U33; G3-U32; and C4-G31; see Fig.  1 ) are nearly invariant (1) . Representative ND, not determined; G3->A-U32--A is a somewhat less effective inhibitor than G3->A-U32--G.
All three Watson-Crick base-paired double replacements at C4-G31 also allowed D5 function (Table 1 , lines 27-29). Both C4---AG31--U and C4->G-G31->C had activity that compared favorably to their inactive C4->R single-substitution components. However, both double-change variants were less active than their constituent G31--Y substitutions. It was expected that C4---G-G31--C would be functional; C4--G was suppressed by the linked G31->C change, thus showing that C4->G-G31->C splices adequately in vivo (S. C. Boulanger, et al, unpublished data). The third double replacement (C4--U.G31--A) exhibited Fig. 1 ). On the basis of the overall similarity of the secondary structures and the neighboring helical features, Madhani and Guthrie (8) (8) . This mutational asymmetry in helix Ib parallels the response of D5 replacements (this paper and S. C. Boulanger, et aL, unpublished data). The trinucleotide 5'-A2-G3-C4-3' is a conserved element in the lower helix of D5; helix Ib contains the phylogenetically conserved U6 sequence 5'-A59-G60-C61-3' (yeast numbering; see Fig. 1 ). Considering that G3 and C4 of D5 are critical for group II catalytic function and are part of a trinucleotide identity to helix Ib, we propose that the lower helix of D5 corresponds functionally to U2/U6 helix Ib of the spliceosome, rather than to U2/U6 helix Ia. Recently, others have also suggested that the correspondence between D5 of group II introns and the U2/U6 helix I of the spliceosome should be revised (14) . However 
